We encourage primary school students in the grades 4-6 to challenge themselves on exploring light in everyday life. At the beginning, we bring in the critical-thinking approach where we use open-ended questions in applications of photonics around them. Later on, we engage them to our photonics lessons via our "Long Len" photonics kit. With our educational kit, we observe that most students in 21 schools from different parts of Thailand are amazed about photonics. They try to play with our kit in their ways, enjoy learning with their friends, and give us back many interesting questions. Based on their evaluations on our approach, 90-98% of them understand more about topics they already know. They also gain new knowledge and can see how it is applied to everyday life. The remaining percentage relates to students who are shy to interact with us.
INTRODUCTION
Science and Technology (S&T) has become one of the crucial factors for the development and sustainability of all countries. Today, most countries around the world have focused in building knowledge societies with qualified workforces through science learning and thinking processes 1 . For optics and photonics (OP), it is a fascinating subject for science learning because it inherently composes of art and science at the same time and it surrounds us in our everyday activities. With this awareness, several international and local organizations have offered optics programs, ideas, and processes in teaching optics suitable for primary and secondary school students. They also promote the use of elementary optics in daily life in the development of physical thinking for primary school students 2 . A variety of innovative ideas and methods in teaching optics For Thailand, the core theme 21 of S&T learning has been recently established where the S&T learning process 22 is applied as shown in Figure 1 . With this core theme, teachers or instructors can arrange the proper courses followed the core curriculum and related them to the students and local communities. From those seven areas of science learning, OP is contained in the energy and astronomy sections. They cover basic properties of light such as laws of reflection and refraction, absorption, energy conversion, propagation behaviors of different light sources, and dispersion of white light (see Figure 2) . However, as OP is not clearly emphasized in the course, it comes to primary school students as a new technical word that sometimes steers them stay away from learning with it. In addition, there is a discontinuity in learning OP in that they will learn more about it 3-4 years after finishing the K4 level. Additionally, lack of simple educational kits, inefficiency in demonstration, and unskilled science teachers are three key limiting factors that prevent students in primary and secondary schools to pay their attention to science and OP in their future study. With these issues in mind, we bring in our learning-by-playing approach to teach and motivate students in primary schools 23 . We also develop the inquiry-based 24 with critical thinking process and combine it with child aspect consideration. This paper shows our assessment and lessons learned from 21 schools in different parts of Thailand.
OUR PEDAGOGICAL KEY APPROACH
Realizing that primary school students are playful by nature, we utilize this attribute into our approach so that they enjoy learning our activity. In order to assist them envisage the basic OP and its applications in everyday life, a combination of the inquiry-based with critical thinking process and the learningby-playing approach is our key approach to leverage the OP education in primary schools. We arrange the topics in accordance with fundamental optics and applications that can easily be observed around students. All topics in our approach are shown in Table 1 . In addition, we bring into the field optical devices and components that the students have seen or used them before but they do not realize the principles behind. For example, an optical fingerprint scanner is used for their exploration of law of refraction and total internal reflection phenomenon. A multicoated eyeglasses is used to guide them to the optical interference. The use of a CD or a DVD helps us to easily demonstrate the diffraction of white light and to investigate the spectrum of laser and other light sources. Table 1 . OP learning topics in our approach.
Core Contents Topics Expected Learning
• What is White Light?
• Properties of white light 
Light Intensity
Imaging on retina
"Long Len" Photonics Kit 23
An educational kit is a vital tool in our learning-by-playing approach. Previously we developed our educational photonics kit suitable for practical teaching in both primary and secondary levels. Its name is "Long Len" which in Thai language means "Just plays with it". The kit is able to demonstrate six main contents in OP as shown in Figure 3 . Components in our educational kit consist of four main parts: optics, electronics, accessories, and manual written in Thai language 25 . Even its plastic suitcase can also be used as a component during some demonstrations. Some parts can be used in several topics. In addition, they can be used for topics that are not related to OP depending on adaptability of teachers or instructors. Our instruction in the manual is designed to guide them along the main topics of OP. Examples of components and demonstrations are shown in Figure 4 . 
Learning-by-playing Approach
Procedure diagram of our learning-by-playing approach is called 5E's and it is shown in Figure 5 . 
Step 1: Posing Question
This step is significant to initially inspire primary school students, and therefore the first question to engage them should be simple and it should be related to OP around them. If most students in the class can answer the question, we then encourage them in the following open-ended question in order to bring them into our critical thinking process.
Examples of our open-ended questions are shown in Table 2 . Table 2 . Examples of questions.
Core Contents Questions in Critical Thinking
• What is the difference among bulb, fluorescent, and laser?
• What is white light?
• How is white light dispersion?
White Light Dispersion
• What is the nature phenomenon about white light dispersion?
• What is the imaging on our retina?
• What is the difference imaging obtained from our eyes and the camera?
Light Intensity and Imaging
• How does the light intensity affect our eye cells?
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Core Contents

Questions in Critical Thinking
• What is the law of reflection?
• What is the benefit of reflection in everyday life?
Reflection and Color
• What is the color reflected from the red object under the green light source?
• What is the law of refraction? Refraction
• How is the rainbow happening?
• Why do you sense hot when touching the bulb or under the sun? Energy Conversion
• How can we use the solar energy in everyday life?
Step 2: Playing In this step, we challenge the students to explore or prove the discussion or solution from our questions in the step 1. We give them all needed components from our Long Len kit that are related to the topics. Prior to playing, we have to introduce students the safety rule concerning using a laser pointer, a light emitting diode (LED) regulator, a light detector, an electrical light bulb, and other electronics equipments. The students subsequently involve in hand-on playing in order for them to explore their critical thinking. At this stage, we are now their assistant. Close observation is also vital to conduct and guide the students before they get confused.
Step 3: Concluding
This step is to assist the students to analyze what and how they learn from the above step in order to gain the asset of OP knowledge and scientific skill. We lead the students gradually to explain what they have learned during their playing. We also bring them into the critical thinking process again. The students have to conclude points of learning and knowledge gained during the above steps.
Step 4: Expanding
This step needs students to be able to expand their knowledge to things around them. We can pick up a phenomenon of light to start with. Moreover, if we observe any application of optics or photonics in the class, we use it as a problem for the students to find out the explanation.
Step 5: Quiz
We end up our approach with quizzes. This step is to evaluate the understanding of the individual student. We ask each student to review his or her thinking and knowledge. Since our approach is informal and no point affects students, we have to make this step more exciting in order to get their cooperation. This can be done by giving them some souvenirs if they can answer our questions correctly.
EVALUATIONS AND LESSONS LEARNED
We visit 21 primary schools in every part of Thailand. In particular, we focus on the schools in the rural area in Payao, Ratchaburi, Ubolratchathani, Nakornsridhamarach, and Srisakes provinces. There are 1018 students covering 96 in the grade four, 340 in the grade five, and 582 in the grade six. It can be seen that 57.2% of students is in the grade six because they already learned some basic optics and we anticipate them to gain some benefits so that they can more or less plan their future study. Due to our limited 2-3 hours of demonstrations, we separate students in each school into two groups. The first group is focused on white light dispersion, imaging light intensity, and color reflection. The other group learns more about reflection, refraction, and energy conversion. 
Evaluations
To examine our approach, we end our demonstration with the student evaluation. Our evaluation form has two parts. The first part contains choice assessment while the latter part is for open-minded outlook. For the first part of the evaluation, students mark their desired choice in each topic. Analysis of all evaluation data in this case is shown in Table 3 . Table 3 indicates that our learning-by-playing approach with critical-thinking process helps students gain more knowledge about OP with fun. In this high evaluation, we also find that some of them knew some topics but they understood more. Less than one percent of students consider all topics excluding energy conversion are normal. The remaining percentage of students regards our approach boring because they gained nothing in particular to the color absorption and the imaging.
We intensely look into the percent of students in the boredom section in order to find out what are the motives behind their evaluations. We believe that communication skill of each instructor, personality of both the instructor and the student, and misconception of students play important roles. We also find that a few students in this group are in the schools located at the frontier and have weak communication in Thai language. Some students need specific teaching style. Those two student types are shy to encounter and interact with us. In addition, based on advices from some students, putting them in the front seat helps get their involvement.
Lessons Learned
We obtain a variety of lessons learned from the primary school students with our learning-byplaying approach. Our lessons have two main parts.
The first part receives directly from the observation and interaction:
• Thai students are good quality of knowledge in basic OP but they lack skill in concluding what they learn as well as in explaining their ideas. To solve this problem, inspiration and confidence build-up are needed.
• Some students are aware of the safety in plugging in some electrical components to the AC supply and in using the laser pointer. This is valuable to us for the improvement of our electronic components in our Long Len kit.
• In addition to the enjoyment, interactions among students as well as curious questions from student show that they have creative thinking in learning things. For example, they use the color filter to learn the absorption of light without our advice.
• Process of learning approach should be flexible related to the interaction among students and us.
The second part gets from the evaluation form:
• High percent of assessment is achievable because we encounter the students with relaxing and playing. As a result, most students have fun while learning even though they thought OP seems difficult.
• Based on students' feedbacks collected after our activity, some students show an interest in studying OP in the future because they enjoy learning OP.
• From the open-minded outlook part, some students are planning to share their experiences gained during our activity to their family.
Apart from having their hands-on our photonics kit, plain-text explanation and friendly conversation are necessary to get their cooperation.
CONCLUSIONS
With our learning-by-playing approach, most of primary school students in the grades 4-6 are capable of understanding advance optics and photonics. Our open-playing technique assists the students in opening their mind for learning. A significant point in this approach for Thai students is that instructors or teachers have to effectively organize students into the topics. Inspiring them is a first step in getting student attention. Then with proper demonstrations and communication skill, students are able to have critical thinking in some topics and show more interactions through the end of the class. From our assessment, we discover that most of participated students have fun during our class and gain more knowledge in OP. In addition, we have learned many lessons from the primary school students that will be taken into consideration to improve our activities. Further works include more effective ways to inspire students, to keep them learning OP, and to embed them with a critical-thinking process.
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